Abstract Host identification from mosquito blood meals has been routinely used to identify the feeding preferences of insects in studies on transmission of vector-borne pathogens. Here, we identified for the first time the susceptibility of the endangered Iberian lynx (Lynx pardinus) to the attack of a wild mosquito female, the mosquito Anopheles atroparvus. Furthermore, we used 11 microsatellite markers to test for the utility of vertebrate DNA isolated from insect blood meals for individual identification of wildlife. Only the three smallest markers were successfully amplified; however, this genotype did not match with any of the previously genotyped individuals in southern Spain. These results support the use of DNA from mosquito blood meals as a non-invasive source of DNA and a powerful tool on epidemiological and conservation biology studies. However, as may be the case of other non-invasive sampling methods, the utility of this technique is probably limited by the quantity and quality of vertebrate DNA.
Introduction
Blood meals have been routinely used to identify the feeding preferences of mosquitoes in studies on pathogen transmission (i.e., Kilpatrick et al. 2006 , Muñoz et al. 2012 . Recently, it has been proposed as a powerful non-invasive source of genetic material for the study of unconspicuous species, species inventories, infectious agent distribution, and population dynamics (Calvignac-Spencer et al. 2013a) .
In addition to inter-specific differences in the susceptibility to insect attacks, individuals may also differ in their exposure to insect bites (Kelly 2001) , affecting the evolution of hostpathogen interactions and epidemiology. Contrary to the case of mosquitoes feeding on humans, individual identifications of wild animals or livestock from mosquito blood meals are scarce especially for insects caught in pristine areas (Calvignac-Spencer et al. 2013a) . Microsatellites, as individual DNA markers, could be used to identify hosts at the individual level as they may be easily amplified even from degraded blood meals due to their small length (Mukabana et al. 2002) . Using this procedure under semi-controlled conditions, the individual hosts of mosquitoes captured in nest-boxes containing Sialia sialis were identified (Ligon et al. 2009; Burkett-Cadena et al. 2010) . Also, Torr et al. (2001) identified the individual hosts of tsetse flies parasitizing cattle. However, its utility in the wild may be limited because the microsatellite loci from the host population under study needs to be characterized (Kent 2009 ).
Here, we used a molecular approach to identify, at the individual level, the origin of a mosquito blood meal derived from an Iberian lynx (Lynx pardinus). The Iberian lynx is one of the world's most endangered cat species with a decreasing population trend (Palomares et al. 2012) . The 2012 census estimated a total of 84 and 186 individuals (25 and 52 territorial females) in the two main populations, Doñana and Sierra Morena, separated by ca. 240 km (http://www.lifelince.org/ public/Informe_Censo_2012.pdf). A large fraction of the Iberian lynx population has been characterized using microsatellite markers to evaluate their genetic status (CasasMarce et al. 2013 ) and as part of the ongoing monitoring of this species.
Methods
As a part of an extensive study on the host-feeding pattern of mosquitoes from southern Spain (Muñoz et al. 2012 , Martínez-de la Puente et al. 2013 ), we collected blood-fed female mosquitoes resting at the Cañada de los Pájaros (Seville, Spain; 6°14′W, 36°57′N). Standard protocol used includes morphological identification of mosquitoes using available keys (Brunhes et al. 2000; Schaffner et al. 2001) and DNA isolation using the QIAGEN DNeasy Blood and Tissue® kit from the abdomen of engorged mosquitoes. Vertebrate hosts were identified using a nested-PCR approach to amplify a fragment of the COI gene (Alcaide et al. 2009 ). Positive amplifications were sequenced in one direction and edited using the software Sequencher™ v4.9 (Gene Codes Corporation) (see Martínez-de la Puente et al. 2013) . Sequences were assigned to vertebrate species by comparison with sequences deposited in GenBank DNA database and/or the Barcode of Life Data System.
The only sample assigned to Iberian lynx was tested with 11 microsatellite loci (Table 1, see Casas-Marce et al. (2013)) previously used to amplify DNA for samples with a low amount of DNA as feces. We performed a multiplex PCR with all fluorescently labeled markers and an independent post-PCR for each marker. All PCR were performed containing a final concentration of×1 PCR buffer, 2 mM MgCl 2 , 0.25 mM dNTPs, 0.01 mg/ml of BSA, 0.2 μM of each primer, 0.4 U of Taq polymerase, and 4 μl of the DNA extraction or the preamplification product as template, in a total volume of 20 μl. PCRs were run at 92°C for 2 min, followed for 40 cycles of 30″ at 92°C, 30″ at 55°C, and 30″ at 72°C, and a final extension of 5 min at 75°C. Products were analyzed in an ABI 3130 Genetic Analyzer (Applied Biosystems). This process was repeated three times independently to account for genotyping errors. Alleles were scored using GENEMAPPER v3.7 (Applied Biosystems).
Results
After editing, a 411-bp fragment of the COI gene was obtained from an engorged Anopheles atroparvus female captured on the 5th of September of 2012 (sequence deposited in Genbank: KP641612). The fragment quality was 90.8 % according to Sequencher™ (default conditions). Comparison of this fragment with sequences deposited in public databases provided a >90 % similarity with Neofelis nebulosa and three Lynx species, Lynx canadiensis, Lynx lynx and Lynx rufus, all of them absent in the studied area. Also, we compared our sequence with those unpublished COI sequences from L. pardinus (J.A. Godoy, unpublished) showing a 100 % match. Canis lupus (n=13), Equus caballus (n=8), Rattus norvegicus (n=2), Bos taurus (n=1), Turdus merula (n=1), and Gallus gallus (n=1) were the other hosts identified from 31 An. atroparvus captured in the same trapping session. Host identification failed in four mosquitoes, probably due to an advanced degree of blood meal digestion status.
A genotype was consistently obtained for the three replicates for the three smallest markers, providing a reliable consensus genotype for these markers (sizes ranging from 100 to 144 bp, Table 1 ). The other markers led us to inconclusive genotype (sizes 148-190 bp) or did not amplify (sizes 137-242 bp). The obtained consensus genotype did not match any of the previously genotyped individuals from the study area and surroundings.
Discussion
To our knowledge, this is the first record of a mosquito species feeding on the Iberian lynx, although different ectoparasites, including ticks, fleas, lice, and louse flies, were recorded (Pérez et al. 2013 ). An. atroparvus usually feed on mammals, although Iberian lynx DNA has not been previously isolated from this species in the study area (Alcaide et al. 2009; Roiz et al. 2012; Martínez-de la Puente et al. 2013) . The low host density in addition to a differential host-susceptibility and/or an insect-preference for this species may explain, at least in part, the low frequency of blood meals from the Iberian lynx found in mosquitoes. An. atroparvus transmit pathogens causing tahyna, myxomatosis, tularaemia, West Nile disease, malaria, and dirofilariasis (Reusken et al. 2011) . Further studies are necessary to identify the potential impact of mosquitoes on the health status of the Iberian lynx and their potential role in the transmission of infective agents.
Factors such as the quantity of blood meal and the degree of blood digestion may affect the success of host identification (Martínez-de la Puente et al. 2013) . Being based in low copy number nuclear DNA, individual identification from suboptimal DNA is more challenging than species identification, which is based on high copy number mitochondrial DNA. Besides, shorter DNA fragments are more easily amplified from blood meals than longer fragments (Mukabana et al. 2002) . In agreement with this expectation, only those microsatellite markers of a small size were consistently amplified and yielded a reliable consensus genotype. It must also be noted that individual identification by microsatellites is expected to be more difficult in mammals than in birds because mammalian blood contains anucleated erythrocytes and, therefore, a lower amount of nuclear DNA than avianderived mosquito blood meals. The low quantity of nuclear DNA with respect to mitochondrial DNA in mammal blood explains the high success in amplifying and sequencing a relatively large mitochondrial DNA fragment but the lower success with microsatellite markers (see Table 1 ). The design of shorter microsatellite amplicons or the use of singlenucleotide polymorphisms should thus increase the success rates of individual identification of blood meals and other non-invasive sources of degraded DNA (Senge et al. 2011) . Individual host identification of mosquito blood meals may be useful for the monitoring of endangered species by the identification of ranging habitats of particular species and/or individuals for a particular period of time (Calvignac-Spencer et al. 2013b) . Mosquitoes are able to digest the blood meal few days after feeding (Elizondo-Quiroga et al. 2006 ) and disperse short distances, up to 4 km for the case of An. atroparvus (Kauffman and Briegel 2004) . However, as may be the case of other non-invasive sampling methods, the utility of this technique is probably limited by the quantity and quality of vertebrate DNA (Taberlet et al. 1999) and could be combined with other non-invasive techniques (i.e., collection of feces; Palomares et al. 2002) for individual identification.
